A correct relationship among sires is essential for an efficient breeding program. Microsatellite markers were used in progeny tests, to assess the paternity of seventy-four probable offspring of nine Gir dairy sires. A 36% misidentification rate was observed; however, these errors had minimal effects on the ranking of the nine bulls with regard to their genetic values. The results suggest that paternity tests should be performed in breeding programs, in order to prevent inappropriate paternities from influencing the genetic value of bulls in the future.
Introduction
Breeding programs have been of considerable importance to improve productivity in the animal industry. In dairy cattle, progeny testing is the method of choice; however, this method presents two drawbacks limiting its use: 1) high cost, and 2) increased generation intervals. These obstacles can be overcome when large numbers of progenies are obtained by artificial insemination. Therefore, accurate parentage information is of critical importance for the estimation of the genetic values of the animals.
Different types of markers have been used in paternity testing. In recent years, microsatellite markers have been used, because of their large polymorphism information content, widespread distribution in the genome, the type of samples that can be used (e.g., blood and hair), the possibility to process several samples at the same time, and the fact that the results are easy to interpret. Many microsatellites have been described in bovine genomes Moore et al., 1994; Vaiman et al., 1994; Burns et al., 1995 , Glowatzki-Mulis et al., 1995 Stone et al., 1995; Usha et al., 1995; Heyen et al., 1997; Kappes et al., 1997) and, due to their high polymorphism, they have been proposed as relationship verification markers for bovine herds. Usha (1995) and Heyen (1997) suggested using at least five microsatellite markers in the same analysis to achieve a 0.99 probability of exclusion of an incorrect sire.
The purpose of this study was to verify the paternity of Gir bulls participating of a progeny test, and to calculate the misidentification rate and its effect on genetic value estimation, using microsatellite markers.
Material and Methods

Animals
Nine bulls and 74 progenies (six to nine per sire) from 15 different herds participanting of a Gir dairy cattle progeny test were used.
DNA extraction
Two protocols were used for blood samples: the standard protocol for "FTA cards" and "Gene cards" (GIBCO BRL -Life Technologies), and the protocol for Chelex-100 (Bio-Rad). For the first one, we used a 2 mm punch to remove samples from the FTA cards for blood collection. The samples were placed in an amplification tube of at least 300 µL. Three times 200 µL of FTA purification reagent (GIBCO -Life Technologies) each were added to each tube, with a five-minute interval between washings. Then, 200 µL of modified TE solution (10 mM Tris-HCL pH 8.0 and 0.1 mM EDTA) were added, and the paper washed twice, with a 5 min interval between washings. The paper was then completely dried for one hour at room temperature, or for 30 min at 60°C. Finally, PCR (polymerase chain reaction) solution was added to the tubes to a final volume of 40 µL.
For the Chelex-100 protocol (Walsh et al., 1991) , 6 mm of the FTA cards were cut out, placed in 1 mL water, and left at room temperature for 30 min. Samples were then centrifuged at 10,000 rpm for 5 minutes. The supernatant was removed, and 200 µL 5% Chelex were added. The tubes were incubated at 56°C for 35 min. After being vortexed at high speed for 5-10 s, the samples were boiled for 8 min and separated in aliquots.
DNA was extracted from semen samples using proteinase k, according to the protocol used by Shuster (1992) , followed by a CTAB (hexadecyltrimethylammonium bromide) cleaning method described by Via (1993) .
PCR reaction
Blood
Amplification reactions were prepared for a final volume of 40 µL. The PCR protocol for five of the six microsatellites (BM8246, BMS963, BMS483, INRA112, and TEXAN15) was as follows: 5.0 µL 10X PCR buffer; 3.0 µM MgCl 2 ; 0.2 µM forward primer; 0.2 µM reverse primer; 2 mm "FTA card" or "Gene card"; 0.25 µM dNTP; 2 units of Taq DNA polymerase. For microsatellite CSFM50, the conditions were different regarding primer concentration, which was 0.01 µm for both primers. Forty amplification cycles were performed.
The steps used for PCR amplifications were: initial DNA denaturation at 96°C for 5 min; 40 denaturation cycles at 94°C for 2 min, annealing at primer-specific temperature (Table I) for 30 s, extension at 72°C for 30 s, and a final extension at 72°C for 4 min. Table I shows the primer sequences of the six microsatellites, as well as their annealing temperatures.
Semen
Each 200 µL sample of semen DNA was divided into 5 µL aliquots for PCR analysis. Thermocycle programs for all six microsatellites were the same as those used to amplify the blood samples, including the number of cycles in the "PTC-100 Programmable Thermal Controller" (M.J. Research) and the "GeneAmp PCR System 9600" (Perkin-Elmer). However, concentrations and total volumes were different. For a total volume of 25 µL, the following were used: 2.5 µL PCR buffer10x; 1.5 mM MgCl 2 ; 0.32 µM forward primer; 0.32 µM reverse primer; 5 µL extraction solution; 0.2 µM dNTP; 1 unit Taq DNA polymerase.
Allele size determination
Microsatellite alleles were separated in a 6% polyacrylamide gel on an A.L.F. sequencer (Pharmacia). Internal (IS) and external standards (ES) were used to accurately determine the size of the amplified products.
Sample size determination
The sample size representing the animals involved in the progeny test was calculated according to Barnett (1974) :
where N = total number of animals with production records used in the evaluation; Z = 1.96 for α = 0.95; S = square root of N (number of animals sampled) multiplied by p (percentage of paternity error found) multiplied by q (1-p); D = the difference between p sampled to p of population (error difference that can occur due to sampling for α = 0.95) and p = 0.36 (misidentification rate found).
Exclusion probability (EP)
The exclusion probability of a sire was calculated in relation to the progeny only, since in most cases there was no information on the dam. According to Ron et al. (1996) :
Baron et al. where pi = sum of the frequencies of the two sire alleles. Allele frequencies were determined from 64 not closely related Gir animals.
For multiple loci, the combined exclusion probability (CEP) was calculated according to Ron et al. (1996) Exclusion was considered whenever the genotype of the bull was incompatible with the genotype of the mother-progeny pair with regard to at least one of the six markers.
Genetic evaluation
The MTDFREML system (Boldman et al., 1995) was used to evaluate the sires. The animal model used was: Y = µ + animal + herd/year of calving + season of calving + genetic composition of daughter + age of cow at calving + error.
The initial records included all lactations of all daughters of all sires of all herds and the herd mates. Only the daughter's first lactation was taken into account. All lactations considered abnormal were excluded. Examples of abnormal factors are calf death or separation of calf from mother, disease, death or sale of a cow during lactation, teat loss due to mastitis, partial or total loss of lactation information, and intervals between test days greater than 75 days before completing 305 days of lactation.
To determine the impact of paternity error on the breeding program, the genetic values of the animals were compared before and after exclusion of the misidentified offspring from the analysis. Both results were compared by ordered correlation, using the Spearman method for 58 sires in the progeny test. This method evaluates the degree of association between the results of the two evaluations. The first one without corrections, and the second one after exclusion of the offspring records with incorrect paternity.
Results and Discussion
Information on allelic frequencies for several markers is available for many breeds. However, for Gir cattle, limited information has been published. Therefore, in order to calculate exclusion probabilities, we had to determine first the allelic frequencies of the microsatellites used in this study. The allelic frequencies of six microsatellites obtained from 64 unrelated individuals from several herds are presented in Table II. The results obtained for both types of probability (exclusion and combined exclusion) according to Ron et al. (1996) are shown in Table III . Exclusion probability refers to the probability of excluding an incorrect paternity. For example, the probability of an incorrect paternity for sire 1 based on locus BM8246 only is 0.510203, and the combined probability for the same sire using all six markers is 0.98.
The combined exclusion probability (CEP) for the markers within the respective families varied from 0.842 to 0.989, which is less than the ideal 0.99. The CEP for seven markers with an EP of 0.5 would be 0.992. A CEP of the same magnitude (0.991) could be reached with only four markers with an EP = 0.7 (Rosa, 1997) . Furthermore, according to Ron et al. (1996) , if eight loci were genotyped with five alleles with the same 0.2 frequency for all loci, CEP would be 0.986. Consequently, the power of exclusion will be maximized whenever the alleles of the probable sire are rare.
Microsatellite parentage testing revealed incompatible genotypes for at least one marker in 27 of the 74-bull/calf pairs studied (36%). However, if only daughters which were incompatible with regard to at least two markers were excluded, 16 of the 74 animals analyzed would have incorrect paternity, and the misidentification rate would be 22%.
Since we sampled only part of the animals in the progeny test, we used Barnett's equation to determine if our sample size was sufficient to represent the population. According to our calculations, the use of a sample of 74 animals and a misidentification rate of 36% resulted in a type I error of 0.051, which was adequate for our study.
The 36% misidentification rate is higher than those found by Geldermann et al. (1986) , Ron et al. (1996) , and Rosa (1997) , which varied between 4% and 23%. This observation indicates that more accurate procedures to identify the animals are necessary. Alexander et al. (1983) suggested that, for information on cattle breeding to be considered accurate, data need to be based on a variety of factors, such as secure animal containment, visual control of mounting or artificial insemination, and observation of parturition or suckling activity.
It is interesting to note that, of the 27 daughters considered to have incorrect paternity, eight had already been excluded by the data verification procedures already in place in the progeny test. Thus, the criteria used to decide whether or not lactation should be considered are justified for the detection of incorrect or dubious data.
An important factor contributing to misidentification is incorrect identification of the semen used in the receptor cows. We assumed that animals which did not get pregnant upon the first insemination and were re-inseminated would be more likely to have an incorrect record. Our data, however, did not show any relationship between the number of inseminations and progeny misidentification. An identical number of wrong paternities was observed for animals resulting from first and from second inseminations.
In our study, exclusion of paternity was based on at least one marker. In human paternity studies, at least two markers are required for exclusion. This is important, be- cause a mutation may generate a new allele in the offspring, wrongly suggesting exclusion of paternity (Halos et al., 1999) . However, since the mutation rate in microsatellites is relatively small, it would have a minimal impact on our study.
In order to investigate the effect of misidentification on the estimation of breeding value in Gir cattle, the genetic values of the sires were compared before and after the exclusion of the animals which were not daughters of the indicated bull. The resulting correlation of order by the Spearman method using the SAS system was 0.997, showing that the difference found in bull classification before and after the correction was not significant.
As can be seen by the results, the genetic value of some sires was altered after the second evaluation (Table  IV) . The effect, however, was small and had a minimal influence on the ranking of the sires. It was interesting to observe that some sires which were not tested for paternity had their genetic values changed (data not shown). This could be due to some relationship that might exist among them, or, in other words, other daughter companions to the herd which could influence the evaluation of a given sire. In conclusion, our study clearly demonstrates that there is a need to conduct paternity evaluation in progeny test programs to assure accuracy of the genetic values of the sires. 
